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With the development of science and technology and the enhancement of 
process level, mechanical products develop to high speed, high precision and 
high processing performance and automation direction. For solveing strength, 
accuracy, reliability, and other issues of the large and complex mechanical 
structures, structural analysis and optimization become an important issue in 
academic and engineering. Generally speaking, analysis and optimization of large 
complex structures are involved in structural performance impacted by calculation 
feasibility and design variables. 
This article contains two aspects. Firstly, this article researchs dynamic 
substructure method, and it is applied to the frame-tank structure of the wheel loader. 
Through comparing the calculation accuracy and time with whole structural and 
substructural analysis, it can explain application of dynamic substructure method 
used in the local structural analysis as a whole structural. Secongdly, this article 
proposes a sensitivity analysis method based on the strain-energy. It is applied to 
structural optimization of the large bus-body’s framework, in order to improve the 
structural performance and reduce the weight.
Dynamic substructure method is a classical structural dynamic analysis method. 
Its basic principle is condensation on the finite element model. It has experienced 
traditional modal synthesis method, free boundary modal synthesis method and 
fixed boundary modal synthesis method. This article derivates three modal synthesis 
methods in detail by the basic theories of dynamic substructure method. Through an 
numerical example, this method is proved to be effective. As the most common 
engineering machineries, wheel loaders need bear the high load, complex working 
conditions and poor working environments. But if using the whole structural 

















The dynamic substructure method used in dynamic analysis of loader’s local system 
can reduce computation and ensure the accuracy. 
Sensitivity is an important method to seek the direction of structural 
optimization. Sensitivity analysis can obtain the structural design variables which 
have the biggest influence to the structural performance, find the best modify paths, 
and establish the most effective optimization and modification plans. This article is 
different from traditional differential method. It researches a kind of sensitivity 
analysis theory based on strain energy of structure elements, and uses the 
appropriate standards to establish mathematical model of structural optimization and 
modification. Through taking a large bus as an example, the sensitivity analysis 
theory is applied to the structural comprehensive optimization of bus-body structure 
under typical working conditions. This analysis method can reduce the whole bus 
weight and improve the structural performance.
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